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INLRCDUCRICN

The presence of hign gamma cadiation. with its atisndant danger
to human 1ife, necessitaies a sysiom designed io detect ihis radiation
and to give warning when lhe radiation exceeds permiscible tolerancd

levels. Such a monitcring system will be described in this reporie

FHEGHETLICAL CONSIDERATIONS

It is not the purpcse of this paper to delve into the theory of
gamme radiation. For the rosder who desires this additional informa-
tion, a bibliography of books discussing gamma radiation may be found
in the back section of this rsport {(References 1, 2, 3, and L)

GENERAL REQUIRGHENE

In order to dsvelop an officient syslem, certain general require-
ments are suezgested. These ars the faciors shat shage the development
channels.

1. Should be a.c. oparaied,

2. Stability with respect 10 ‘ins vollags changes, %o voline ter
drift, and %o alarm circui’s &rify shoald be high,

Senszitivity %o line Uransienis and disturbances should be of
a low order,

sensitiviiy o machanicai shock should =2lse we of a low ordar,
Zero satiing of the system should e posgible in the presence
of strong garma vad
Unatiended opergiio
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This system contains an ionization chamber connected %o a Vice
toreen VE12L tube used as an slectrometer tube. The VEL2L tube feeds
directly to a (6J6 used as a balanced type voltmeter. One side ~f the
6J6 feads into a D21 fhyrasron tube which opcrates a relay conmeched
to a visual alarm. Because of chatiering, the relay will also act as
an audible alarm. & SY3GT tube is used as a full wave rectifier
followed by VR150 and VR10S regulator tubes in cesczde conneciione

Input voltage sensitivity is approrimately .8 of a volt full scale,
while current sensitivity is of the order of 8§ x 10° amperes full scels.

DETAILED ¥l DissCalsPIoN

The Chamber.

The chamber is built in a cylindrical form of approximately 1 iiter
volume. The chamber material iz 1/8 inch bakelits. Ar "AN® Amphenol
connector is placed at one end plate of the bakelite cylinder with the
chamber center electrode comnected to the Amphencl connector. The center
electrode is a single solid wirs extending to within a half inch of :he
opposite cylinder end plate. &An aquadag conducting coating covers the
inside of the cheamber. A non-coated arez of approximately 3/8 inch sex=
tends around the Amphenol connector to insulate the copnector from the
aquadag coating. The equadag coating connects to er external leed that
terminates in a banana plug. Because of its conductivity, the ajuadeg
coating acts as the outer chamber electrode.

Figure (1) shows the chamber and connecticons to the electrometer
tube. ' +/05
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The chamber is connected to the Victoreen VEL24 tube throuzgh an
Amphenol "AN® connector and a 25 megohm resistor. 4 3 x 107 ohm
resistor (B1) scts a:z a load resistor for the chamber. The voltags
drop across R3 and Rb is utilized %o bias $he grid of the VELZ2L tubeq

In the presence of a stirong radiaticn field, any attempt o zero
set the system by removing the positive voltage from the chamber and
connecting the chamber culer electircds to the 150 ohm potentiometsr,
is not. feasible. Even a small grid current flowing through the
3 x 101 ohm resistor produces a small voltzge at the chamber. This
voltage ls sufficient to produce ionization currents in the chamber in
a strong radiaticn field.

Two methods of obtaining a practical zero set were suggested. Une,
the removal of the chamber from the electrometer tube cirguit by means
of a well-insulated switching arrangement; and two, the additicn of &
small bucking voltage to oppose tha voltage created by grid and siray
collection currenis. As extreme accuracy was not a prime odjective,
the second method was used.

Current flowing through potenticmever R (100K ohms) produces a
voltage in opposition to ths voliage created by the grid currento
During the ¥zero set® operstionr the hansana plug 1s removed from the
"detection® receptacle and placed in ths Pzero set" receptacle. The
instrument may then be ¥zerc set? by adjusting potentiometer BBO

o .

- A source is brouzht close enough o th
reading of approximately t en times full ze:
*detection® position. If the bucking volta

chamber %o produce a

le with $he gystem in the
entiometer ia correctly
sro setf position and
if the source is
removed. This variation is permissible.

The Electremeter Tube.
As can be seen from Figurs (2), the VEl2y (¥

A
as an electrometer tube (Refercrnces 5 and 6) usiz
the control element.

ctoreen) is coanectz=d
t

i
2 the second grid as

gen tube in ¢his circult csn not be

The importance of the Yictor
s devsloped for d.c. circuits requiring

minimized. The VELZ2YL tube we

Y &I

extremely high zrid resistance zand low grid currsnts. dAwmong its most
important featurcs are oxtramely low filament current (10 milliamperes
at 1.25 voltsl, and low aceelerator end plate voliages. For more de=
$ailed information wefsrence should be maede L0 o vaper describing this
tube prousented by Victorsen Insérument Cunpany (Heference T)a
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Figure 20

In order to gain stability, the filament current is regulated. The
filement current of 1l millismperes is obtained from the regulated 105 voli
4B" supply. From series resistors RB end By the necessary grid bias for
the VE124 tube is obtained. Accelerafor voltage for the first grid is
also supplied from the series filament resister network., <Flate voltags
is obtained from the regulated 105 *B* voliage through a 10 megohm losd
resistor.

This system is found highly respensive %o line ¢ransients and 4dis-
turbances; the average line iransient moving the meter neefle over full
scale. In order to eliminate this condition, a 25 megobm resistor is
placed in series with the grido. As line transients are of E.F. nature,
then to the nigh frequencies present in lipe ‘transients the tube elsment
capacities present a definite impscCance. Thiz impedance is of a much
lower order tharn the 25 megohm resistance. Therefore, high frsquency
currents present in the grid circuit will dicsipate in the 25 megohm
resistor, with very little of the Gisturbing voliages eppeering across
the tube-

This tube is also photo=-sensitive. In order to shield the tube
from light fluctuations and from siray siatic f£ield, the tube and its
input eircuii ere placed within a cmall cabinet. 4n Figure {2), all
apparatus included within the dotted line is placed within the zmall
cabinet.
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The Yolimeter Tubaoe
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, The two secticns of the tube ure self-biased by means of a cathode
resistor Ryo. The second section grid obtains its balancing voltage from
en additvional voliage divider ql& and P » Signal voltage for the first
grid of the volimeter tube is obiained by direct coupling from the plate
of the electrometer tubs. With no signal input and the instrument at
zero, the grid voltages are +7.15 volts, the cathode voltage is 8.8 volts,
and the plates are 45 volts each with respect to ground. Voltage change
‘available at the plates of the voltmeter tube is approximately 20 volis
for full scale deflection of the 100 ua metere.

The Alarm Circuit.

Use is made of a new miniature thyratron tube. the 221, in the alarm
circuit of the system as showa in Figure (L)
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Signal voltage is curricé from the first plate of the 636 volimeter
tube to the first gzrid of the 2021 thyrairon tubs through the one megohm
decoupling resistor HlSc The ca.hods voltags is obtained from the potena-
tiometer Rig. Variation of Rig determines the operating point at which

. the tube will fire. 4&n a.c. voliage of approximately 110 volis is supplied
from transformer T2 and it is the presence of this 2.C. plate voltage that
quenéhes the thyratron fube. A six volt pilot lamp is used as the alarm
lamp. 4n audible alarm is obtained due %o the chattering of thz 500 ohm
Potter reley in the plate circuit of ths 2D21 ube.

The Power Supplvy,

The power supply differs from the highly conventional circuits used
in the past only in the use of ¢wo ¥R tubes in cascade. The cascacing
of the two VR yegulator tubes, as show n in Figure (5) affords a high
degrse of regulation.
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A typieal plot of VR voltage versus VR current is shown in Fisure (4.

VAE VoLra GE

V ol S AN




This curve shows a number of small discon%inuities. <otentiometer

Ryy is 2adjusted to plzce the opcrating current of the VRICS tube in the
miédle of the plateau which is present petween two of these discantinuiiies.
- The VR105 characteristics may change as the tube ages. The adjustment of
potenticmeter Roq makes it possible to comgensate for changes that may
occur. A line vOliage change of 30 volts producss no visible change of
VH output voliage when VR output voltage is read with a 150 vols full

scale meter.

fower supply ripple is also reduced to a very low figure by use of
the cascaded VR tubes. Ripple voltage at the output of the VR1K0 tubs
is approximately .0l of a wvolt, while at the ouiput of the VR105 tube it
is approximately .001 of a voite

SURMARY

This instrument is found %o come well within requirements dssired
with respect to atability in presence of line voliage changes. The
following data show the effect of lime voliage changes on the zero set
and the instrument reading.

Line Voltage At Zero Set % At 63.5% of
of Full Scale Full Scale
100 0005 63 05
105 0 6305
110 0 83.5
115 0.5 635
120 =0.8 _ 63.8
125 =1.0 &he.2
130 =)0 6&'.}.91.].

Zero get drift is less then 1% of full sesle in 2 hours, providing
the VEl2j has been properly aged. Yperction under normal conditions of
about seven days will properly age the VE124 tube. After curing, any
interruption to the filament current will necessitzte zn edditicmal
stabilizing period of approximaitely two hours bvefore the cirvecuit is used.

Emphasis is placed ocn the ability of the two caszcaded VR tubes to
produce a high degree of regulation. %t is this faet, plus the unusually
small filament current of 10«12 milliamperes required by the Victoreen
VEL2l tube that mskes possible the aittainment of the exceptional stability
shown by this instrument.

As explained in the section dsvoted to the eslestromeder tubs, the
sensitivity of this instrument to line transients arnd disturtances ls low.
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This instrument is not sensitive to ordinary sli ht wechaaical
shocks and vibrations. A direct blow on the instrusent case itsell

is necessary to deflect the metcr pointer.

Tue alarm circuit may be set to operate at any point on the
meter scale. For gwapa ray intensities of 0.1 r/6 hour aay, the
instrument will read 40% of full scale.

This instrument is desisned for continuous service. ihere
extreme accuracy is required, however, the zero set siicula be checkad

each day.
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Item Suantity £Lart Number Description lanufacturser
1 1 1 YE124 tube Victoreen
2 1 Vo 636 Sylvania
3 1 V3 D21 RCA
A 1 A 5Y96 RCA
5 1 Ve, VR150 CGeneral Elesciric
[ 1 Vg VR105 General Electirioc
7 1 T Fower trapsformer Stancor P6011
8 1 T2 Filgment transformer Trordarson T1SFS0
g 1 Rl 3 x 10” chms Victoreen
10 1 R 25 megohn ¢ watt Centralab
11 1 - 150 ohm potentiometer Centralab
12 1 % 150 ohm, 1 watt Allen~=Bradley
13 1 : 100,000 ohm potentiometer Centralab
1 1 % 10 meagchm, # watt Allen=DBradley
15 1 R7 470 ohm, 1 watt Allen=Bradley
16 1  Rg 16,000 okm, } watt Allen=Bradley
17 2 399 Rip 220+000 ohm, § watt Allen=-Bradley
13 1 Ry 130,000 ohm, % watt Allen~-Bradlsy
19 1 R 1o 6,800 ohm, ¢ wett Allen=-Bradley
20 1 Rig 1 megohm, £ watt Allen~Bradley
21 1l Ry 15,000 cohm, % watt Allen-Bradley
22 1 Rag 5,000 ohm, % watt Allen-Bradley
23 1 Rig 1,500 ohm, 1 wait Allen=-Bradley
24 1 Ri7 7500 ohm, 1 watt Allen-Bradley
25 1 Rig 3,000 cohm, 1 watt Allen-Bradley
26 1 Rig 3,900 ohm, 1 watt Allen-Bradisy
27 1 Rzg 2,500 onm, 20 wati Chmite
28 1 Roy 1,550 chm, 20 watt Chmite
29 i Rz 2,500 ohm, 10 wath Yhmite
30 1 Rga 1,000 ohm potenticmeter Centralab
31 1 Ci0 G2 double 20 mid. filter
condenser 450 wvolts. derovox
32 1 Csy 21 mfd., 600 volts Agrovox
23 1 Iy 100 microamp. meter Electro=Lac
34 1 Sy 6 empere, l25vDIST drpowsilert-fegeman
35 1 ¥y 2 42=% ampere fuse Buss
36 2 b, leo &.3 volts baycneb pilod General Elsctric
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Item Quantity 2Part Number __ Descriotion _Zmrufaciurer
37 2 Py Pg Banana plug receptacles Sslsnal Dnllo
38 6 Octal tube sockets Agmphenol
39 2 6 volt tayonet-type bilot

1 enpers assembly Drake
40 1 110 volt a.c. receptacle Amphenol




